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(54) Apparatus for medical monitoring, in particular pulse oximeter 

pie (40); 



(57) A method for measuring medical parameters of 
a patient by irridation of electromagnetic waves into a 
sample (40) and for measurement and subsequent 
analysis of the electromagnetic waves which have 
passed through said sample (40), comprises the steps 
of: 

(1.1) generating first and second modulation sig- 
nals of the same frequencies and having a first 
phase difference of substantially 90°; 

(1.2) irridating a first electromagnetic wave of a first 
wavelength into said sample (40) under control of 
said first modulation signal; 

(1.3) irridating a second electromagnetic wave of a 
second wavelength different from the first one into 
said sample (40) under control of said second mod- 
ulation signal; 

(1.4) receiving electromagnetic waves (A(t)) of both 
wavelengths which have passed through said sam- 




(1.5) demodulating signals repesentative of the 
received electromagnetic waves (A(t)) by multiply- 
ing the same with a first sinusoidal demodulation 
signal and with a second sinusoidal demodulation 
signal having the first phase difference with respect 
to said first sinusoidal signal, said first and second 
sinusoidal demodulation signals having the same 
frequency as said first and second modulation sig- 
nals, such as to generate a first and a second 
demodulated signal (D R (t), D, R (t)); 

wherein the first and the second sinusoidal demodula- 
tion signals have a phase difference (a) relative to the 
first and second modulation signals corresponding to a 
system phase shift (<p); and 

(1.6) analysing said demodulated signals. 
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This invention relates to an apparatus for measuring medical parameters of a patient by irradiation of electrons 

focused on the analysis of the patient (e.g.. its tissue), or on samples taken from a paS " " ™ V "* 

mJZZOZ ' nCrea f e ° ,arity 3nd co^Prehensibility of this description, the underlying problems will now be 

Pulse oximetry is a non-invasive technique to evaluate the condition of a patient Usually a sensor or a nroh* mm 

srr2^ m ? n9 r ans K uch as ii9ht ' emit,in9 diodes ( leds >- Tw ° * «»• or ^i^s^Zm^z 

i£m2f 1 . f ^ eCt '° n measurement - th ey are arranged on the same side of the tissue 
at J?JTET^ intensity can be used to calculate oxygen saturation in the arterial biood of the pTnt it measured 

irlr-H oIh h ^J' 483 *" to™ of P ulse s usually consists of a minimum of 3 phases: an active ed an active 
nfrared and a dark phase, where the ambient light is measured during the latter phase Artualv Sre Sn hp mor! 

to f ° W 1 te H m0re LEDS t0 bS P ° Wered in ° ne multi ^ tima *™ £ adSnal Z phases The 

Hz to 2 kHz. Th IS frequency should not be mixed up with the frequency of the light emitted bv the L ml in fa^ ^1 

becJus^thlTcl^n^ 6 ^ *? r h lraM ° XimeterS ' alth ° U9h Widely USed toda y in clini <*' P«*e (simply 
y J! a norHnvasive technol °9y)' P™^ limited performance only and, in particular limited measTe 

Sp£2S=£S2S35S=5 

SSlZ " faC !' ?" 0Wing considerations N** ^Plain the mechanism S£E£ 
nals) reflect already the inventors thoughts on this problem, which in turn led him to the present 

,nS °l a S be ""T* r ,0rmin9 3 ^ * " " ,0 S ° me eXtent ' the ba9s 2 * ^ nveZ ,nVent ° n ' ^ 08,1 
rnnnir ! 7 I 5 ^ 1 " 11 ° f 3 t,me multip,ex s, ' 9nal < as described above) at the receiving photo diode consists of a 

_ - ...^w.aicw wy me vac lanon ot me Diooa pulse (which 
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contains components up to approx. 10 Hertz). This variation of the blood pulse is actually of interest for medical moni- 
toring. Its frequency may be used to derive the patient's heart rate, and its amplitude is actually required to calculate 
oxygen saturation. 

The blood pulse therefore broadens the spectral lines of the modulation frequency and its harmonics for about ± 10 
5 Hertz. This is also called "physiological bandwidth", due to its origin in the physiological signal. 

The details and drawbacks of the prior art technology will now be discussed with reference to the drawings. 
Fig. 1 depicts the essential functional blocks of a prior art oximeter. A microprocessor 1 controls operation of the 
oxygen saturation parameter. It generates digitally represented pulses for excitation of the LEDs. These are fed, via line 
2, to digital-to-analog converter 3 which outputs analog signals of rectangular shape and feeds them, via line 4 t to 
w amplifier 5. 

Dotted line 6 represents schematically the interface between the monitor and the sensor. That is, line 7 is physically 
a cable which connects the sensor and the monitor, and all elements left to dotted line 7 are in practice incorporated 
into the sensor. The sensor contains at least 2 LEDs 8 and 9 which emit light into the tissue of a patient, here a finger 
10. Light transmitted through finger 10 reaches photodiode 1 1 and is fed, via line 12, to another amplifier 1 3. The ampli- 

15 fied analog signal produced by amplifier 13 is fed (line 14) to a demodulation and fitter section 14. This demodulation 
section comprises a demultiplexer 14a which feeds the amplified signal, depending on its time slot, to three different 
paths 14b to 14d which implement a low-pass/sample and hold function each. Demultiplexer 14a is controlled such that 
signals received during operation of LED 8 are fed to path 14b, signals received during operation of LED 9 are fed to 
path 14c, and signals received during the dark or ambient phase (LED's 8 and 9 switched off) are fed to path 14d. 

20 Each of paths 14b to 14d operates as an independent low-pass filter - see, e.g., resistor 14e and capacitor 14f in 
path 14b -; the capacitor acts insofar also as a sample and hold device. The three paths 14b to 14d are then combined 
again by multiplexer 1 4g (which is synchronized with demultiplexer 1 4a, see dotted line 1 4h), and the signals are fed to 
analog-to-digital converter (ADC) 15. This ADC samples the incoming signals, typically once per channel, but a higher 
sampling rate is also possible. In other words, if a pulse is sent to the red LED 8, it is sensed once by ADC 1 5 to deter- 

25 mine its amplitude, and the variation of the amplitude in succeeding pulse trains reflects pulsatile variation of the arterial 
blood. 

The digitized signal reaches, via line 16, microprocessor 1 which performs the necessary calculations to determine 
oxygen saturation. The results are then displayed on a display 17. 

Fig. 2 is a timing diagram of the pulse train used to excite LEDs 8 and 9. A first pulse 18 controls red LED 8 (Fig. 
30 1 ), and a second pulse 1 9 infrared LED 9. When both LEDs have been excited in sequence, a dark phase 20 is provided 
which is used on the receiver side to measure the amount of ambient light. At t=T LED , the whole pattern starts again 
from the beginning. Thus, the modulation frequency is defined by 

as fLED= fi; < 1 > 



Figs. 3a to 3c depict the same pattern at the receiver side, separated according to paths 14b to 14d (Fig. 1), i.e., 
when the pulses have passed the human tissue. Fig. 3a shows the pulse of the red LED 8 (path 14b), Fig. 3b the pulse 
40 of the infrared LED 9 (path 14c), and Fig. 3c the signal detected on path 14d (ambient light). One will note that the red 
and infrared pulses (Figs. 3a and 3b) are 

1 . attenuated by a more or less fixed amount which is caused by non-pulsating tissue (DC attenuation); 

45 2. subject to different attenuation in the red and infrared channel, as shown by the different amplitudes of red pulse 
21 and infrared pulse 22; and that 

3. their amplitudes are modulated with a slow frequency shown by dotted lines 23a and 23b (the frequency is even 
exaggerated in Figs. 3a and 3b for the purpose of demonstration), i.e., their amplitudes vary slowly over time. This 
so slow frequency - in the range of 1 to 1 0 Hertz - reflects the blood pulsation in blood vessels hit by the light emitted 
by LEDs 8 and 9 and carries the physiological information required to calculate oxygen saturation. It is therefore 
called "physiological signal", and the associated frequency band "physiological bandwidth". It will also be noted that 
the superimposed physiological signal has a very small amplitude, as compared to the overall amplitude of the 
received pulses. 

55 

In contrast, the pulse of Fig. 3c which represents ambient light is not modulated by pulsating tissue (ref. no. 23c). 

The pulse trains shown in Figs. 3a to 3c are fed, via multiplexer 149 (Fig. 1), to the input of ADC 15; According to 
the prior art approach, ADC 1 5 takes at least one sample of the received pulse at t=T 1 , t=T 2 and t=T 3 . These sam- 
ples represent the amplitudes of the red pulse, the infrared pulse and the ambient light, respectively. The technique dis- 
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cussed here corresponds to a demodulation with a rectangular or square wave. 

thrn,^ US , C0 ™? er wha * ha PP^s in the frequency domain. Fig. 4 depicts the spectrum of the signal transmitted 
through the patients tissue and amplified, but prior to demodulation and sampling, i.e., as it appears on line 14 (Fig 1) 
i !! C ? m ^ ,ation fre ^ uenc y f LED is shown as spectral line 24. This is not a "sharp" spectral line. Instead it is 
^•^S^c? e 2 T physi ' 0, °9 ical si 9 na ' (* s disc "*sed above) which in turn modulates the LED signal. The 
effect .s that the LED modulation spectral line appears in fact as a small-band spectrum with a bandwidth of approx ± 
1 0 Hertz around the center of its base frequency. PP 
Reference numbers 24a and 24b designate harmonics of the basic LED modulation freqency, i.e., 2*f LFn and 

? u 61 ! 3t theS6 harmonics ap P ear a,so broadened by the physiological bandwidth, i.e., they are cen- 

tered at ± 1 0 Hertz around the corresponding harmonic frequency. 

In contrast, reference number 25 represents the spectral line of the mains (power line) - at f LinG - which is the major 

50 ^ (EUr0P6) ° r 60 HertZ (United Stat ^ « {s ^«Sd that aimougX 
th a,Way t a spec 4 rf, f frec > uenc * this fr Wcy is subject to variations (however small and slow) of the mains 
frequency. This variability or tolerance band is indicated by dashed box 25* ; 

in Pi r!f^ eCtrUm a,S ° COntains harmonics of the basic mai "s frequency f Line . These are denoted as 25a through 25g 

ZL^Zt^l o^ F,g ' Uke *• baSiC mainS frequency ' their harmonics ar * also see dotted 

boxes 25a through 25g\ The diagram shows that the higher the order of the harmonics, the higher the possible varia- 
lions in trequency. 

mai nctr eVea ' i a ' S0 an0th6r f** 11,81 iS ' 80,116 0f the harmoni ^ °< *e LED modulation frequency f LED , and of the 
mains frequency f Ljne . are quite close to each other. A typical example is shown by reference number 26 The third order 
harmonics 24b of the LED modulation frequency, and the seventh order harmonics 25f of the mains frequency, are quite 
close to each other (81 led - n Ljne ). This means that there is frequent interference in the related bands, in paZllr 
ZZZffT 6 ? rOad h ,0lerance tend 25f with the seventh order harmonics 25f of the mains fre- 

Kir^r ° ° ther doubtful such as ^icated by dotted circle 27. Although there is in fact some 
distance between the second order harmonics 24a of the LED modulation frequency and the fifth order harmonics 25d 
of the mains frequency, there is still an overlap if we consider the whole tolerance band 25d associated with 51, In 
other words, ,f the frequency of the power line deviates slightly from its nominal value, its fifth order harmonic might 

SE^IS !!T d ""Z ha ! m0niC ° f thS LED m0du ' atiOn frequency ' such that there is at ^ sporadic interference. 
JZJZZF-SZ*? hamionics - *«» wi » alwa vs be a danger of interference, just because the tolerance band 
associated with the harmonics of the mains frequency becomes broader and broader, such that the associated spectra 

^ " T 25e,> 25f ^ 259 '' * iS evWent 1,131 ,0r ,h6Se higner f reduencies - any harmonic of the 
LED medulation frequency will necessarily fall into at least one bandwidth of the harmonics of the mains frequency. 

One might now ask the question how such interference of the harmonics influences the base band and thus the 
results of oxygen saturation measurement. The underlying mechanism is demonstrated in Fig 5 

According to the prior art approach, the received signal is demodulated by demultiplexer 14a. (This kind of demod- 
u a .on corresponds to synchronous AM demodulation with a square wave, as e.g. described in US 4.807 630) Demod- 

a a nn°rrl \hT r T V ! "I* the e ! 6Ctthat a " W ^ s 0,d ^ eTOe and sum frequencies- in parB^lar. of the harmonic 
- appear in the base band close to the signal of interest; i.e.. the harmonics are folded down into the base band This 
effect ,s by way of example, illustrated in fig. 5. This figure is based on the understanding that the LED sampling fre- 

SuiatS) m0dU ' a,i0n freqU6nCy Channe ' " red> infrared - ^ iS S6parately 

^rtOZTl' 916 harmonics of mains frequency are only one source of interference which may distort the useful 
s.gnal for determining oxygen saturation. In a clinical environment, the pulse oximetry sensor picks up ambient light and 
various electromagnetic noise. The major source for ambient light is room illumination with fluorescence ceiling lamps 
wh,ch gives broad spectral bands with harmonics at harmonics of the power line frequencies, typically 50 Hertz or 60 

,™L,° W ™ ^ ,Ca ' n ° iSe 3,80 °° meS V6fy 0ften ,rom the power line and shows "P a s harmonics of the mains 
frequency. Other well known sources for largely interfering electrical noise are electro-surgery devices used in the oper- 

atng rooms. They can be very broad-band and at any frequency. ^ 

As explained above, the spectra of the signal at multiples of the LED modulation overlap very likely with the spectra 

of ttie optical or e lectncal no.se components. Any noise lines in one of the LED modulation bands will be demodulated 

Si!!! TT V ? 1 10 *" baS6 band 8nd COntribute 10 *** signal-to-noise ratios (S/N). A very dangerous sit- 
uation for me patent can occur in the monitoring of neonates. These are often treated with very bright UV lamps for the 
b.l.rub.n photo therapy. As they produce poor signals because of a poor vascular perfusion, the amount of ambient light 
SHJT 9 f 0 " 3 ^ With 3 siS" 3 '-' 0 -™ 56 ratio < 1. A pulse oximeter is very likely to be mislead in these situa- 
tions. It can derive values for pulse rate, oxygen saturation and perfusion index which are wrong because the input sig- 
nals are dominated by noise instead of patient signals. 

m< J,Sh 1 l A1 discloses , means and method s for evaluating the concentration of a constituent in an object by 
measunng the transm,ss.on of light of two wavelengths therethrough. First and second light emitters emit light at 
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respective, first and second different wavelengths. A modulator/driver drives the light emitters with respective first and 
second carriers which vary as a function of time, the carriers being of the same carrier frequency having a phase differ- 
ence other than 0 and other than an integer multiple of 180°. A detector receives light from the first and second light 
emitters after the same has passed through the object and generates a resulting detector signal carrying information 

5 relating to transmission of the object at both wavelengths. A first demodulated signal which is a sum of a component 
proportional to the object's transmission at the first wavelength and one or more carrier modulated components is gen- 
erated by a demodulator from the detector signal in a first channel, whereas a second demodulated signal which is a 
sum of a component proportional to the object's transmission at the second wavelength and one or more carrier mod- 
ulated components is generated by the demodulator in a second channel. The carrier modulated components of the 

10 signals are filtered out of the first and second channels by a demodulated signal filter. 

The demodulator multiplies the detector signal in the first channel with a sinusoidal signal in phase with the first car- 
rier to generate the first demodulated signal, and multiplies the detector signal in the second channel with a sinusoidal 
signal in phase with the second carrier to generate the second demodulated signal. Therefore, in accordance with the 
disclosure of EP 0502717 A1, the sinusoidal signal for demodulating the detector signals in the first and the second 

15 channel are in phase with the first carrier and the second carrier, respectively. This demodulation method is disadvan- 
tageous^ to the effect that there exists across-talking between the first and the second channels, and therefore no 
accurate evaluation of the concentration of a constituent in an object is possible. 

Starting from this prior art, it is the object of the present invention to provide methods and apparatus for accurately 
measuring and analysing medical parameters using at least two different electromagnetic waves having different wave- 

20 lengths, wherein a cross-talking between channels in which received electromagnetic waves of different wavelength are 
analysed is reduced. 

This object is achieved by methods for measuring medical parameters in accordance with claims 1 , 3 and 8 and 
apparatus for measuring medical parameters in accordance with claims 19, 21 and 26 of the present application. 

The present invention is based on the perception that in prior art analysis systems for measuring medical parame- 
25 ters, for example the system that is disclosed in EP 050271 7 A1 , an accurate measurement and subsequent analysis 
of medical parameters is impossible due to a phase shift which is introduced by the system between the electromag- 
netic waves which are used to irradiate a sample and the electromagnetic waves which are used for analysis. Therefore, 
the present invention provides methods and apparatus for measuring medical parameters of a patient by irradiation of 
electromagnetic waves into a sample and for measurement and subsequent analysis of the electromagnetic waves 
30 which have passed through said sample, wherein the system phase shift is compensated during the analysis of the 
received electromagnetic waves. 

In accordance with a first aspect, the present invention provides a method for measuring medical parameters of a 
patient by irridation of electro-magnetic waves into a sample and for measurement and subsequent analysis of the elec- 
tromagnetic waves which have passed through said sample, said method comprising the steps of: 

35 

generating first and second modulation signals of the same frequencies and having a first phase difference of sub- 
stantially 90°; 

irridating a first electromagnetic wave of a first wavelength into said sample under control of said first modulation 
40 signal; 

irridating a second electromagnetic wave of a second wavelength different from the first one into said sample under 
control of said second modulation signal; 

45 receiving electromagnetic waves of both wavelengths which have passed through said sample; 

demodulating signals repesentative of the received electromagnetic waves by multiplying the same with a first sinu- 
soidal demodulation signal and with a second sinusoidal demodulation signal having the first phase difference with 
respect to said first sinusoidal signal said first and second sinusoidal demodulation signals having the same fre- 
50 quency as said first and second modulation signals, such as to generate a first and a second demodulated signal; 

wherein the first and the second sinusoidal demodulation signals have a phase difference relative to the first and sec- 
ond modulation signals corresponding to a system phase shift; and 

55 analysing said demodulated signals. 

In accordance with this first aspect of the present invention the first and second sinusoidal demodulation signals 
comprise a phase difference relative to the first and second modulation signals which corresponds to the system phase 
shift, whereby the influence of the system phase shift on the result of the analysis is eliminated and therefore a cross- 
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talking between channels is reduced. 

In accordance with a second aspect, the present invention provides a method for measuring medical parameters 
of a patient by irndation of electromagnetic waves into a sample and for measurement and subsequent analysis of the 
electromagnetic waves which have passed through said sample, said method comprising the steps of: 

generating first and second modulation signals of the same frequencies and having a first phase difference of sub- 
stantially 90 °; 

irridating a first electromagnetic wave of a first wavelength into said sample under control of said first modulation 
signal; 

irridating a second electromagnetic wave of a second wavelength different from the first one into said sample under 
control of said second modulation signal; receiving electromagnetic waves of both wavelengths which have passed 
through said sample; 

demodulating signals repesentative of the received electromagnetic waves by multiplying the same with a first sinu- 
soidal demodulation signal and with a second sinusoidal demodulation signal having the first phase difference with 
respect to sad first sinusoidal signal, said first and second sinusoidal demodulation signals having the same fre- 
quency as said first and second modulation signals, such as to generate a first and a second demodulated signal; 

analysing said demodulated signals taking into account a system phase shift. 

In accordance with the second aspect of the present invention, demodulating signals of received electromagnetic 
waves are demodulated by sinusoidal demodulation signals to generate a first and a second demodulated signal 
These first and second demodulated signals are analysed, for example by a microprocessor, under consideration of a 
system phase shift. On the basis of this system phase shift a correction matrix is calculated which is used to correct the 
demodulated signals in order to eliminate the influence of the system phase shift on the result of the analysis In accord- 
ance with this second aspect of the present invention the influence of the system phase shift on the result of the anal- 
ysis can be eliminated by software, for example in the central processing unit of the system 

In accordance with a third aspect, the present invention provides a method for measuring medical parameters of a 
patient by irndation of electromagnetic waves into a sample and for measurement and subsequent analysis of the elec- 
tromagnetic waves which have passed through said sample, said method comprising the steps of: 

generating first and second modulation signals of the same frequencies and having a first phase difference of sub- 
stantially 90°; 

irridating a first electromagnetic wave of a first wavelength into said sample under control of said first modulation 
signal; 

irridating a second electromagnetic wave of a second wavelength different from the first one into said sample under 
control of said second modulation signal; 

receiving electromagnetic waves of both wavelengths which have passed through said sample; 

generating delayed received electromagnetic waves by adding a phase shift to the received electromagnetic waves 
which yields, together with a system phase shift, a total phase shift of the received electromagnetic waves relative 
to the first and second electromagnetic waves of substantially an integral multiple of 360°; 

demodulating signals representative of the delayed received electromagnetic waves by multiplying the same with 
a first sinusoidal demodulation signal and with a second sinusoidal demodulation signal having the first phase dif- 
ference with respect to said first sinusoidal signal, said first and second sinusoidal demodulation signals having the 
same frequency as said first and second modulation signals, such as to generate a first and a second demodulated 
signal; and 

analysing said demodulated signals. 

In accordance with the third aspect of the present invention, the influence of the system phase shift on the result of 
the analysis is eliminated by adding a phase shift to the received electromagnetic waves, such that a total phase shift 
of the received electromagnetic waves relative to transmitted electromagnetic waves is substantially an integral multiple 
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of 360°. This total phase shift of an integral multiple of 360° makes sure that a cross-talking between channels of the 
received electromagnetic waves is reduced. 

In accordance with a fourth aspect, the present invention provides an apparatus for measuring medical parameters 
of a patient by irridation of electromagnetic waves into a sample and for measurement and subsequent analysis of the 
5 electromagnetic waves which have passed through said sample, said apparatus comprising: 

means for generating first and second modulation signals of the same frequencies and having a first phase differ- 
ence of substantially 90°; 

w means for irridating a first electromagnetic wave of a first wavelength into said sample under control of said first 
modulation signal; 

means for irridating a second electromagnetic wave of a second wavelength different from the first one into said 
sample under control of said second modulation signal; 

15 

means for receiving electromagnetic waves of both wavelengths which have passed through said sample; 

means for demodulating signals repesentative of the received electromagnetic waves by multiplying the same with 
a first sinusoidal demodulation signal and with a second sinusoidal demodulation signal having the first phase dif- 
20 ference with respect to said first sinusoidal signal, said first and second sinusoidal demodulation signals having the 
same frequency as said first and second modulation signals, such as to generate a first and a second demodulated 
signal; 

wherein the first and the second sinusoidal demodulation signals have a phase difference relative to the first and sec- 
25 ond modulation signals corresponding to a system phase shift; and 

means for analysing said demodulated signals. 

In accordance with a fifth aspect, the present invention provides an apparatus for measuring medical parameters 
30 of a patient by irridation of electromagnetic waves into a sample and for measurement and subsequent analysis of the 
electromagnetic waves which have passed through said sample, said method comprising the steps of: 

means for generating first and second modulation signals of the same frequencies and having a first phase differ- 
ence of substantially 90°; 

35 

means for irridating a first electromagnetic wave of a first wavelength into said sample under control of said first 
modulation signal; 

means for irridating a second electromagnetic wave of a second wavelength different from the first one into said 
40 sample under control of said second modulation signal; 

means for receiving electromagnetic waves of both wavelengths which have passed through said sample; 

means for demodulating signals repesentative of the received electromagnetic waves by multiplying the same with 
45 a first sinusoidal demodulation signal and with a second sinusoidal demodulation signal having the first phase dif- 
ference with respect to said first sinusoidal signal, said first and second sinusoidal demodulation signals having the 
same frequency as said first and second modulation signals, such as to generate a first and a second demodulated 
signal; and 

so means for analysing said demodulated signals taking into account a system phase shift. 

In accordance with a sixth aspect, the present invention provides an apparatus for measuring medical parameters 
of a patient by irridation of electromagnetic waves into a sample and for measurement and subsequent analysis of the 
electromagnetic waves which have passed through said sample, said apparatus comprising: 

55 

means for generating first and second modulation signals of the same frequencies and having a first phase differ- 
ence of substantially 90° ; 

means for irridating a first electromagnetic wave of a first wavelength into said sample under control of said first 
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modulation signal; 



means for irridating a second electromagnetic wave of a second wavelength different from the first one into said 
sample under control of said second modulation signal; 

means for receiving electromagnetic waves of both wavelengths which have passed through said sample; 

means for generating delayed received electromagnetic waves by adding a phase shift to the received electromag- 
netic waves which y:elds, together with a system phase shift, a total phase shift of the received electromagnet 
waves relative to the first and second electromagnetic waves of substantially an integral multiple of 360°; 

means for demodulating signals representative of the delayed received electromagnetic waves by multiplying the 
r s ^L a ^ S ' n r idal ? 4 m0du ^ on and wrth a <*cond s-usoidal demodulation sign* J3Jffl Ts 
tTcZ Tm! ,7 reSP6Ct 10 SinUSOida ' Signal »" ,irSt and second s ™idal demodulatim signals 

Semoduteti fSgna^nd"^ " 3 m ° dulation si9nals ' «*" as t0 9 enerate * first and a second 

means for analysing said demodulated signals. 

nJr^T^ With . apre !*" 6d embodiment of the present invention, the frequency of the modulation signals is 

nnlr c ■ 2 ap P rOX ' 1 ma,ely <=275 HertZ ' ™ 8 Sel6Cti0n guarantees that the main ^al "ne of the modulation fre 
quency « placed optimally between harmonics of the noise bands for 50 Hz and 60 Hz mains frequency, even if there 
s a variation or ,nstab.lrty in the mains frequency (see detailed description). Therefore, this selection of the m^u atton 
frequency further contributes to a noise-free, reliable measurement. moauiation 
la r lu I h a e e m ? Ulati0n SiQna ' S tnemselves ma * be sine «*«*. in which case the mathematical theory becomes particu- 
inl " , ^T' 8quare ° r rectan9ular waves ™V *e as well. Square waves are easy to generate and have 

o de to 3S?£T2 ,C .™' * ■ dUty ^ be eaSNy ""^ Chan9i " 9 ,he ,undamental 

Zi f h» 22 ^ ' n Van0US ChamelS - (The sha P e of ,ne modulation s i3nals should not be mixed up 

w,th the s,gnals used for demodulation; according to the invention, the latter have always to be sinusoidal signals) 

In a preferred embedment of the invention, a low pass filter is provided through which the output signal of the ^mul- 
tiplier c,rcu.t -s fed Ukew.se. it is advantageous to use a bandfitter connected between the receiver of ST elecfr JZ- 
TJL*TJ?, "? 6 de 7 0dulator - ™ 8 blocks the harmonics, and even the fundamental frequences o^y 

no.se. and further operates as an anti-aliasing filter for subsequent analog-to-digital conversion 

As already mentioned, one major application of the invention is pulse oximetry. In this case, the biological material 
examined m v.vo .s the patient's tissue. The electromagnetic waves are preferably waves selected from °he vistofe and 

.n e ^Sr 9 H P f ra 0f f li9nt 1( inpartiCular red and/or *»* emitters of light are advantageous^ -eS 

ting diodes which are of small size and easy to incorporate into a sensor. 8 
Embodiments and developments of the present invention are defined in the dependent claims 

er e nclt^ a e ,™r en,S h thepreSent T"" 0 " ^ be exp,ained ' b * means of non-limiting examples, with ref- 
erence to the accompanying drawings, in which: 

F, 9- 1 depicts a block diagram of a prior art oximeter. 

Rg - 2 is a timin 3 diagram of the pulse train emitted by a prior art oximeter, 

Figs. 3a to 3c are timing diagrams of the pulse trains received by a prior art oximeter, 

p! g - * is tne spectrum of a prior art time multiplex oximeter prior to demodulation 

"9 = depicts the effect of demodulation on the spectrum in prior art oximeters 

p' 9 - J IS a block diagram of a pulse oximeter according to the present invention 

p! 9 ' ? de P |Cts tne sh ape and timing of the pulses used to control the light-emitting diodes 

N 9- 8 « a block diagramm of the digital signal processor, 

fS' m V° ° f 3 SP6CtrUm process ed by an apparatus according to the present invention, 

•-•g. 1 0 shows the effect of the quadrature modulation technique according to the present invention on 

the signal-to-noise improvements, 
Fig. 1 1 and Fig. 1 2 are vector diagrams for illustrating phase shift measurements, and 

F'9- 1 3 is a schematic representation for illustrating direct phase measurement on an unf iltered signal. 

to consider SKe'r" S,ratin9 ** *" * *** diSCUSS6d ab ° ve ' SUCn tnat is no 

CPuL^!Z a bl0Ck ° f 3 ^"^e'ength pulse oximeter according to the invention. A microcontroller or 

CPU (central processmg unit) 28 controls overall operation of the oximeter. In particular, it starts the measurements, 
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adjusts the gain and controls the timing of LED excitation. Further, most of the signal processing, in particular calcula- 
tion of the pulse oximetry values (oxygen saturation), of the pulse rate, the perfusion indicator and plethysmograhic 
waveforms is performed by CPU 28. Such algorithms - specifically suited for artifact suppression - are, for example, 
described in another patent, US 5,299,120, originating from the inventor of the present case. CPU 28 may further com- 

5 municate with other equipment, such as a host monitor 29, via a digital link 30. The host monitor is equipped with data 
and waveform display capabilities, controls the alarm limits etc. It is, however, understood that the display of data, man- 
ual input etc. could also be performed locally. Further, CPU 28 may even communicate with larger systems such as hos- 
pital information systems or central stations. 

The control signals for driving, i.e., for switching the LEDs are fed from CPU 28, via line 31 , to an LED driver circuit 

10 32 (the digital-to-analog converter is not shown here and may be integrated in CPU 28). LED driver circuit 32 contains 
current sources which operate light emitting diodes (LEDs) 33 and 34 in switched mode. 

In Fig. 6, a red LED is designated as 33. and an infrared LED as 34. Both LEDs. as well as a photodiode 35, are 
integrated into an appropriate sensor. Such sensors are well-known in the art and need not be discussed in detail here. 
Reference is made, for example, to DE-C-37 03 458. The rest of the elements shown in Fig. 6 are not incorporated in 

is the sensor, but in an appropriate monitor, a signal pick-up box or the like. 

LED driver circuit 32 operates LEDs 33 and 34 in antiparallel mode. That is, red LED 33 is operated by pulses of 
one polarity, and infrared LED 34 is operated by pulses of the opposite polarity. This design requires less connections 
between the sensor and the associated monitor, although it is not a necessary prerequisite for practising the present 
invention, 

20 The timing of the pulses generated by LED driver circuit 32 will now be discussed with reference to Fig. 7. In the 
shown example, these pulses are of rectangular shape, although they could also be shaped as a sine, or incorporate 
any other suitable shape. 

The pulse driving the red LED 33 is designated as 36. Another pulse 37 (of opposite polarity, not shown in Fig. 7) 
drives infrared LED 34. The whole pattern restarts at t=T LED , such that a time interval of T LED defines a complete cycle 

25 of 360°. An important design feature of the timing chosen in the pulse oximeter according to the invention is that the 
pulses of the red and the infrared LED, respectively, are offset by 90°, see reference number 38. (In terms of timing, this 
phase shift corresponds to T LED /4). The reference lines for the 90° phase shift are the center of the red and infrared 
pulse, respectively. This is of importance if a duty cycle adjustment is necessary or desirable to balance the red and 
infrared signals. Such duty cycle adjustment means to adapt the pulse length of either or both of the pulses, as indi- 

30 cated by arrows 39a to 39d. 

Returning now to Fig. 6, the light pulses generated by LEDs 33 and 34 pass human tissue, as indicated by a finger 
40, and are received by photodiode 35. The output signal of the photodiode is fed to a photo amplifier 41 . This photo 
amplifier converts the photo current of the photodiode into a voltage. In contrast to prior art time multiplex systems, its 
bandwidth can be limited to f LED in the present invention. Its gain is selected as high as possible, but within the limits of 

35 the maximum expected photo currents. 

Reference number 42 designates a band filter. The main purpose of that stage is to block out-of-the band noise and 
to serve as an anti-aliasing filter for analog-to-digital sampling. The passband is designed as narrow as possible around 
the center frequency f LED . The bandwidth is only slightly broader than the bandwidth of the physiological blood pulse 
signal. Any harmonics of the LED sampling frequency can be blocked out as they do not contribute to the demodulated 

40 signal. 

Programmable gain amplifier 43 (controlled by CPU 28, see line 44) ensures that the filtered signal fits within the 
input range of analog-to-digital converter (ADC) 45. It is therefore used to adapt to the large dynamic variability of the 
photoelectrical signal As pulse oximetry sensors are used on very different body locations, the different tissue types and 
thickness between emitters and receivers result in largely different light intensities. The gain of that amplifier is control- 
45 led by the CPU to adapt the output amplitude to fit the full scale input range of the analog-to-digital converter for good 
quantization. 

Digital signal processor (DSP) 46 represents, to some extent, the "heart" of the present invention. It demodulates 
the received, filtered and digitized pulses with sinusoidal functions. In the shown embodiment, this demodulation is per- 
formed in the digital domain - i.e., by a digital processor -, and in fact the functionality of DSP 46 may be provided by 
so CPU 28 as well. However, this is not a necessary requirement; DSP 46 may also be a separate signal processor in dig- 
ital or analog technology. The major functions of DSP 46 are demodulation, low pass filtering and down sampling. 

In order to explain the functionality provided by DSP 46, reference is now made to Fig. 8. The output signal of ADC 
45, A(t), is fed to two multipliers 47 and 48 which perform a multiplication with sinusoidal functions sin(<o LED t) and 
cos(a> LED t) , respecitvely. The skilled man will immediately note that the use of sine and cosine functions corresponds 
55 to a phase shift of 90°, just because sin(90°+a) = cos(a) . The demodulated signals are now fed, via lines 49 and 50, 
to respective digital low pass filters 51 and 52. Their functionality will be discussed in greater detail below. 

For the following discussion of the mathematical theory, it will be assumed that the LEDs are driven so that the opti- 
cal emissions of the LEDs are pure sine waves, shifted by 90° in phase, e.g. the red LED with a sine and the infrared 
LED with a cosine. In the actual embodiment, this is not the case, as shown above; however, the mathematical back- 
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ground may be explained more easily by the assumption of sinusoidal driving. 
The output of ADC 45, i.e.,the input signal to DSP 46 is then 

A(t) = A R (t) + A IR (t) (2) 

with 

A R (t) = A R 'sin(2R*f LED *t+(p) (3a) 

A iR(t) = A |R *cos(2rc*f LED *t+<p) (3b) 

A R and A, R themselves are modulated by the patient's bloodpulse: 

A R = S R (t) ( 4a j 

a ir = s ir(*) (4b) 

20 wherein S R (t) and S IR (t) are composed of a DC and an AC component. (The DC component represents the constant 

^ueabsorpfon, whereas the AC component is related to the variable absorbance'due iTST^^SS 

Demodulation as multiplication with sine waves reveals then at the outputs of multipliers 47 and 48: 

25 D R (t) = A(t)'M R (t) (5a) 

D |R (t) = A(t)*M |R (t) (5b) 

with 

30 

M R (t) = sin(co LED *t+a) (5c) 

and 

55 D |R (t) = COS(o> LED *t+a) (5d) 

i» m^h?H b t° W in u m ° re detaH ' the CPU iS P r °9 ramm ed to determine the system phase shift , in order 

to make the demodulator phase shift a equal to the system phase shift 9 

d r(») = t4A R - V*A R *cos(2a> LED *t+2<p) + V*A IR 'sin(2cD LEO *t + 2<p) (6a) 

D ,„(t) = '/ 2 A IR - 1 /2A (R *cos(2«) LED *t+2<p) + V2A R *sin(2co LED 't+2<p) ( 6 b) 



45 



50 



55 



So far the demodulated signals contain both the sum and difference frequencies These sianals are then fod 

^nm fJ c T ^ T f " ter ' ,hiS ° Perati0n 0015 0ff 311 harmonics of the mod "'Sion frequency f UED . 
In this case, the output of low-pass filters 51 and 52 is 

L R»-V6A H (7 a) 
L IR (t)= A IR (7b) 

that ^rA 9 ^ , „ S H C A rreSPOnd , ideall r t0 ^ ° PtiCal abSOrption of 1,16 red and in,rared si 9 nal * at the photodiode. Note 
that agnate A R and A IR are not constant, but are modulated by the blood pulsation itself 

hv jSSS h R(<) ^ U f ] ^ 1™ smal| - band si 9" als ' which m eans that the data rate is reduced to a level desirable 

eTeSr^ Z * h »° * 

"' ~ e raocKea 00,1 «H'ciciy uy me meinoa according to the present invention. The result is 
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very pure, noise-free signal reconstruction. Therefore, it is possible to choose an interference-free modulation band, 
even at lowest frequencies. In the preferred embodiment of the present invention, the LED modulation frequency is 
selected as f LED = 275 Hertz. 

In order to explain the advantages of the present invention, as compared to the prior art time multiplex approach, 
and in particular the advantages of demodulation with sine waves, preferably with a phase offset of 90°, reference is 
now made to Fig. 9. This figures depicts a typical spectrum in a representation similar to Fig. 4, However, Fig. 9 depicts 
even a more sensitive case, just because some of the harmonics of the LED modulation frequency, and some harmon- 
ics of the mains frequency coincide. Reference numbers 53 and 54 relate to such cases: 

2*f LED «3*f Lin9 (Ref. no. 53) (8a) 

4 * f LED*6*f Ljne (Ref.no. 54) (8b) 

The demodulation technique according to the present invention is, however, still able to filter the harmonics of the 
mains frequency out, as will now be shown by means of Fig. 10. 

The quadrature demodulation technique according to the present invention, in combination with sampling, pro- 
duces a shift of the related spectra, together with the generation of sum and difference frequencies. The amount of fre- 
quency shift is fdemod- tne frequency of the sine functions used for demodulation, which is in this case identical to 
the LED modulation frequency f LED . The shifted spectra (two in total) are shown in Fig. 10, namely the spectrum shifted 
by + f demod (upper diagram) and the spectrum shifted by -f demo d (second diagram from top). (The frequency designa- 
tions are, except of the shift, identical in both diagrams, so they are only shown in the upper one). 

The resulting spectrum is shown in the lower diagram. A low pass filters out the base band and blocks all higher 
frequencies (its attenuation characteristics is designated by reference number 55). As can be easily observed, the 
baseband signal does not contain any noise resulting from the harmonics of the power line or other sources of interfer- 
ence, which makes up the great advantage of the present invention over the prior art approach. 

What follows is a detailed description of preferred embodiments of the present invention which are useful to elimi- 
nate the influence of the system phase shift <p out of the result of the analysis. 

In accordance with the first embodiment, the system phase shift <p of the system, shown for example in Fig. 6, is 
determined, and on the basis of the determined system phase shift <p the phase shift a of the sinusoidal demodulation 
signals with respect to the first and second modulation signals is adjusted. 

An important function is the capability to measure the phase shift <p of the system. This phase shift <p is defined as 
the phase difference between the excitation signals which drive each LED and the receiving signal as sampled by the 
A/D converter. 

A software routine in the CPU performs that measurement routinely at power up and selected events during normal 
operation. Events can be programmed time intervals, a change of the sensor connected, changing the gain of program- 
mable gain amplifier, and thereby its filter characteristics, and so on. 

Subsequently, a particular embodiment of a procedure for determining the system phase shift <p is described. 

Firstly, the normal operating mode is interrupted. The red LED is disabled, whereas the infrared LED is driven in its 
normal mode. Then, in the preferred embodiment, a default phase a equal a DEF is applied to the demodulator. After a 
waiting time of some milliseconds, until the low pass filters have settled, the real-time values in the red channel L R ' and 
the infrared channel L !R ' are stored. On the basis of this stored real-time values the correct phase shift a to be applied 
to the demodulator is calculated, see the following equation. Afterwards, the correct phase shift a is applied to the 
demodulator. 

Subsequently, the red LED is enabled again. After having awaited until low pass filters have settled again, the nor- 
mal operating mode is resumed. 

The calculation of the correct phase shift a is done by the following equation: 

a = a DEF + e (13) 



with e = arctan 




The vector diagram shown in Fig. 1 1 shows the situation during the phase measurement. The arrow designated by 
L' R represents the red demodulation vector. The arrow designated by L'| R represents the infrared demodulation vector. 
The arrow arranged between these arrows represents the received electromagnetic wave A(t). It is: A(t) = A IR (t) since 
A R (t) = 0 during phase measurement. This phase adjust vector diagram represents the situation prior to adjustment. 

The value of the demodulated signal in the red channel would be close to 0, if the default phase (a DEF ) was already 
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correct. In general, a cross-talk L R ' from the infrared exitation exists because the default phase (or the phase from a 
prior adjustment) is only close to the correct value, that means the correction angle e*0. 

The vector diagram shown in Fig. 12 shows the situation after having applied the phase adjustment. The arrow on 
the left hand side L R represents the adjusted red demodulation vector. The arrow on the right hand side L, R represents 
the adjusted infrared demodulation vector. The middle arrow represents the received electromagnetic waves A(t) being 
a combination of the electromagnetic wave A R (t) (red excitation) and the electromagnetic wave A IR (t) (infrared excita- 
tion). As can be seen from Fig. 12, the correct phase shift a to be applied to the demodulator corresponds to the system 
phase shift <p. 

The advantage of this auto-phase-adjust is that it compensates for any phase shifts and drifts which can occur for 
reason of temperature, aging and component tolerances. It also adapts to changing sensor characteristics. A further 
advantage of this implementation of automatic adjust is that it can be applied without interruption of the continuous 
plethysmography wave form, if the pleth signal is derived from the infrared LED. 

It is understood that the role of red and infrared could be exchanged without changing the fundamental idea 

Another advantage of adjusting the demodulation phase to match the system phase, a = <p , is that the demodu- 
lated and filtered signal L R and L, R are only positive. This avoids restricting the numeric range by a factor of two in order 
to allow for signed integer values. 

What follows is a preferred embodiment of a further method to compensate for the system phase shift <p in accord- 
ance with the present invention. The method described below determines the system phase too as explained above 
but does not apply a compensation afterwards. It rather uses the determined or measured phase <p in a correction cal- 
culation. 

In the beginning, the demodulator is running with any fixed phase. In the example below it is set to a =* cr nPP = 0 
for simplification of the equations. 
Using equations (1) to (5d) yields: 

D rW = ^A R [C0S(<p) - cos(2a> LED *t+a)] + V2A | R [sin(-9)*sin(2co LED *t+a)] (14a) 

D irW = f >6A R [sin(<p) + sin(2o) LED *t+a)] + 1 /^A IR [cos(9)*cos(2co LED *t+a)] (15a) 
Setting a = 0 yields: 

D rW = 1 /2A R [cos(<p) - cos(2a> LED *t)] + 1 ^A |R [sin(- 9 )*sin(2co LED *t)] (14b) 

D IR (t) = V6A R [sin(<p) + sin(2a) LED *t)] + 1 /2A IR [cos(<p) # cos(2a) LED *t)] (15b) 
After low-pass filtering the output signals are: 

L rW = 1 /2 A R * cos(<p) + 1 /£A IR * sin(-<p) (1 6) 

L IR (t) » V£A R * sin(<p) + 1/4 A IR * cos(cp) (1 7) 

On the basis of equation (16) and equation (17) a matrix can be defined: 



[C]-[ 



cos <p -sin qn 

sin <p COSqJ ^ 



The electromagnetic waves received by photodiode 35 can be written as an input vector: 
After the demodulation by DSP 46 an output vector can be defined: 
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On the basis of the matrix [C], the input vector [A], and the output vector [L] ( the original signals (A R and A, R ) can 
be recovered continuously by computing the matrix correction: 

[A] = [C1" 1 -[L] (21) 

5 

[C]" 1 is the inverse matrix of [C]. 

The phase measurement procedure is described below. 

Firstly, the normal operating mode is interrupted, the red LED is disabled and the infrared LED is continuously 

driven in normal mode. After waiting for some milliseconds until the low-pass filters have settled, real-time values in the 
w "red" channel L R and the "infrared" channel L| R are stored. Subsequently, the system phase shift <p is calculated on the 

basis of equation (13). The red LED is enabled again, and after a waiting time, until low-pass filters have settled, the 

normal operating mode is resumed. 

The normal operating mode in this case means applying equation (21) with the previously determined phase shift 

<p. The correction calculation described above can be performed for example by the CPU 28. 
is Another method to overcome signal cross-coupling between "red" and "infrared" channels in accordance with the 

present invention is to use an all-pass filter anywhere in the signal path between photoreceiver and demodulator. The 

all-pass filter has the function of a phase shifter. This all-pass filter should have a phase shift 5 at the excitation base 

frequency f LED which yields to: 

20 6 + <p = n * 360° (22) 

with n = 1,2 

Such a filter would be ideally realized in the digital domain with programmable filter constants. The phase charac- 
teristics of such a all-pass filter in the digital domain can be adjusted according to a measured or determined system 
25 phase shift. In this case, the phase measurement procedure would be as follows. 

In the beginning, the normal operating mode is interrupted, the red LED is disabled, the infrared LED is continu- 
ously driven, and the all-pass function is switched off (by-pass etc.). Thereafter, there is a waiting time for some milli- 
seconds until the low-pass filters have settled. After this waiting time, the real-time values in the "red" channel L R - and 
the "infrared" channel L )R - are stored. On the basis of these stored values and equation (13) the system phase shift cp 
30 is calculated. 

Subsequently, the phase shift 5 which the all-pass filter should have is determined according equation (22). On the 
basis of this determined phase shift filter, the appropriate filter constants for this type of all-pass filter are selected. After 
having enabled the red LED again and having waited, until low-pass filters have settled the normal operating mode is 
resumed. The normal operating mode in this case means activating the all-pass function in the signal flow with the 
35 determined characteristics in order to produce a phase shift 5 of the received electromagnetic waves in the signal path 
between photoreceiver and modulator. 

Besides the method to measure the phase of the incoming signal relative to the transmitted electromagnetic waves 
as described above there exist other methods to measure this phase. A common step is always to change at least one 
of the LED's intensity by a known amount. The procedure explained above is a special case where the red LED's inten- 
40 sity is set to 0. This gives a best measurement resolution and makes calculation easier. 

However, it is understood that any known change of one or a combination of the two LED's intensities could be used 
to determine the phase. An advantage of switching the intensity only to a reduced level, like 0.5, would be the possibility 
to continue with a normal Sp0 2 measurement without interruption. 

Referring to Fig. 13, a further method to determine the system phase shift <p is described. In this measurement, the 
45 difference in the zero-crossing between the incoming signal A(t) and the LED drive signal J R (t) and J, R (t) is measured 
before demodulation, rather than measuring the amplitudes of the incoming signals on the low-pass filtered side. In Fig. 
13, the incoming signal A(t) is shown as a sinusoidal wave form. The "infrared" excitation wave is shown as a quare 
waveform J| R (t). As can be seen from Fig. 13, the phase difference <p of this two waveforms which corresponds to the 
system phase shift 9 is determined on the basis of a negative zero-crossing of both these signals. The phase shift 
50 determined by this method can be used in the same way as the phase shift determined on the basis of equation (13). 

It will be appreciated by those skilled in the art that the principle of sinusoidal demodulation as disclosed herein is 
also applicable to multi-wavelength oximetry. If a third and forth LED is used, a further LED modulation frequency has 
to be selected. In general, for n LEDs, n/2 modulation frequencies have to be used, just because each frequency chan- 
nel can contain 2 independent information data in quadrature mode. The only condition for these different modulation 
55 frequencies is that they are offset by more than the physiological bandwidth of the blood pulse. 

It is also clear that the sinusoidal demodulation can be applied in a two LED pulse oximeter without the quadrature 
concept, but with only the sinusoidal demodulation, if there is a different modulation frequency chosen for each LED. 

The great advantage of interference immunity of this system may also be applied to other sensoric measurements 
where ambient noise is an issue, not only in medical instrumentation. It is always possible where an excitation is used 
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with S "^sLTcef S imPedanCS meaSUrements in ,ike pressure strain gauges or spectrometer devices 

Claims 

1- ISTIS !^L? aSUri ^ m6 f iCa i parameters of a patient b y Nation of electro-magnetic waves into a sample (40) 
S T!!? subse ^ uen « analysis of the electromagnetic waves which have passed through saS 
sample (40), said method comprising the steps of: 

ence dsSantiai? K ^ m0dU ' ati ° n Si9n3 ' S °' ** "* ^ 3 ** ph3Se differ " 

n^ulSsfgni ^ el6C,r ° ma9netiC W3Ve ° f 3 f irst wavelen 9 th info sam P'* (40) under control of said first 

«ml!l ri S n9 h SeC ° n . d f le , cfr ° ma 9 netic wave ° f a second wavelength different from the first one into said 
sample (40) under control of said second modulation signal; 

(1 .4) receiving electromagnetic waves (A(t)) of both wavelengths which have passed through said sample (40); 

(1 . 5) demodulating signals repesentative of the received electromagnetic waves (A(t)) by multiplying the same 
with a first sinusoidal demodulation signa. and with a second sinusokial demodulation signal having S 

£?l2Sr" I 6SPeCt ,0 ^ ' ^ SinUSOida ' Si9nal ' *** ,irSt and second sinusoidal demodulation sig 

second modulation signals corresponding to a system phase shift (<p); and 

(1 .6) analysing said demodulated signals. 

2. Method according to claim 1 . comprising the step of determining said system phase shift (?) and the step of adiust- 

Z^TJI t? ( t! x * e ,iret and second sinusoidal si9na,s relative to »• ** and ^mSS 32 

in accordance with said determined system phase shift (<p). 

3 ' ISfE ^L meaSUrin ? m ! diCa ' parameters of a P a «ent by irridation of electromagnetic waves into a sample (40) 

£Z SUbSeqU6rt K ° f ,he e,ecfroma 9^ waves which have passed through 2 

sample (40), said method comprising the steps of: y 

ince of subsSS ^i 8600 ^ m0dU ' ati ° n Si9na ' S ° f ** h3Vin9 3 ,irSt PhaSe differ " 

n^ ) u i 2n i sJnai rSt e ' eCtr0ma9ne,ic wave of a ,irst ^length into said sample (40) under control of said first 

SSiSS 18 ! SeC °1 d ?' actroma 9 netic wave °» a sec °"d wavelength different from the first one into said 
sample (40) under control of said second modulation signal ; 

(3.4) receiving electromagnetic waves (A(t)) of both wavelengths which have passed through said sample (40); 

f^st^^Z^r^T^ the reC6iVed electroma 9 ne '* »aves by multiplying the same with 
a first sinusoidal demodulation signal and with a second sinusoidal demodulation signal having the first phase 

d ?rr w, ^ e *^^ 

!ie 9 nS 

(3.6) analysing said demodulated signals taking into account a system phase shift (<p). 
4. Method according to claim 3, wherein said analysing step comprises the steps of: 
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determining said system phase shift (9); and 

correcting said demodulated signals (D R (t), D, R (t)) on the basis of said determined system phase shift (<p). 
Method according to claim 3 or 4, wherein said analysing step comprises the steps of: 
determining the system phase shift (<p); 

calculating a matrix [C] based on the system phase shift according to 



based on the amplitudes L R , L )R of the demodulated signals; and 

calculating a corrected output vector [A] = [C] * 1 • [L] . 

Method according to claim 2, 4 or 5, wherein said determining said system phase shift (<p) includes the steps of: 

reducing the amplitude of one of the first and second electromagnetic waves; 

measuring of the amplitudes of the first and second demodulated signals (D R (t), D )R (t)); and 

determining the system phase shift (<j>) on the basis of the measured amplitudes of the first and the second 
demodulated signal (D R (t), D !R (t)). 

Method according to claim 2, 4 or 5, wherein said determining said system phase shift (<p) includes the steps of: 

reducing the amplitude of one of the first and second electromagnetic waves; and 

determining the difference in a zero-crossing between the received electromagnetic waves and the other of the 
first and second electromagnetic waves. 

Method for measuring medical parameters of a patient by irridation of electromagnetic waves into a sample (40) 
and for measurement and subsequent analysis of the electromagnetic waves which have passed through said 
sample (40), said method comprising the steps of: 

(8.1) generating first and second modulation signals of the same frequencies and having a first phase differ- 
ence of substantially 90°; 

(8.2) irridating a first electromagnetic wave of a first wavelength into said sample (40) under control of said first 
modulation signal; 

(8.3) irridating a second electromagnetic wave of a second wavelength different from the first one into said 
sample (40) under control of said second modulation signal; 

(8.4) receiving electromagnetic waves (A(t)) of both wavelengths which have passed through said sample (40); 

(8.5) generating delayed received electromagnetic waves by adding a phase shift (a) to the received electro- 




calculating an inverse matrix [C] 



1 based on the matrix [C]; 



determining an output vector 
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magnetic waves which yields, together with a system phase shift (9), a total phase shift of the received elec- 
tromagnetic waves relative to the first and second electromagnetic waves of substantially an integral multiple 
of 360°; 

(8.6) demodulating signals representative of the delayed received electromagnetic waves by multiplying the 
same with a first sinusoidal demodulation signal and with a second sinusoidal demodulation signal having the 
first phase difference with respect to said first sinusoidal signal, said first and second sinusoidal demodulation 
signals having the same frequency as said first and second modulation signals, such as to generate a first and 
a second demodulated signal (D R (t), D, R (t»; and 

(8.7) analysing said demodulated signals (D R (t), D, R (t)). 

9. Method according to claim 8, wherein said phase shift (a) is added to the received electromagnetic waves by a dig- 
ital all pass filter comprising programmable filter constants. 

10. Method according to claim 8 or 9, wherein said phase shift (<j) is adjusted in accordance with the steps of: 

reducing the amplitude of one of the first and second electromagnetic waves; 

measuring of the amplitudes of the first and second demodulated signals (D R (t), D, R (t)); 

determining the system phase shift (<p) on the basis of the measured amplitudes of the first and second demod- 
ulated signals; and 

adjusting the phase shift (a) to yield together with the system phase shift (9) a phase shift of an integral multiple 
of 360°. 

1 1 . Method according to claim 6. 7 or 1 0, wherein the reducing of the amplitude of one of the first and second electro- 
magnetic waves comprises turning off the amplitude of this electromagnetic wave. 

12. Method according to one of claims 1 to 11, wherein the frequency of said first and second modulation signals is 
basically f=275 Hertz. 

13. Method according to one of claims 1 to 12, wherein said first and second modulation signals are square-wave sig- 
nals. 

14. Method according to one of claims 1 to 1 1 , wherein said first and second modulation signals are sinusoidal signals. 

1 5. Method according to one of claims 1 to 14 comprising the step of low-pass filtering the demodulated signals (D R (t), 
D, R (t)). 

16. Method according to one of claims 1 to 15 comprising the step of band-pass filtering the received electromagnetic 
waves before the demodulation step. 

1 7. Method according to one of claims 1 to 1 6, wherein said electromagnetic waves are waves selected from the visible 
and/or the adjoining spectra of light, preferably red and/or infrared light. 

18. Method according to one of claims 1 to 17, wherein said medical parameter is oxygen saturation. 

19. Apparatus for measuring medical parameters of a patient by irridation of electromagnetic waves into a sample (40) 
and for measurement and subsequent analysis of the electromagnetic waves which have passed through said 
sample (40), said apparatus comprising: 

means (32) for generating first and second modulation signals of the same frequencies and having a first 
phase difference of substantially 90°; 

means (33) for irridating a first electromagnetic wave of a first wavelength into said sample (40) under control 
of said first modulation signal; 
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means (34) for irridating a second electromagnetic wave of a second wavelength different from the first one into 
said sample (40) under control of said second modulation signal; 

means (35) for receiving electromagnetic waves (A(t)) of both wavelengths which have passed through said 
sample (40); 

means (46) for demodulating signals repesentative of the received electromagnetic waves (A(t)) by multiplying 
the same with a first sinusoidal demodulation signal and with a second sinusoidal demodulation signal having 
the first phase difference with respect to said first sinusoidal signal, said first and second sinusoidal demodu- 
lation signals having the same frequency as said first and second modulation signals, such as to generate a 
first and a second demodulated signal (D R (t), D, R (t)); 

wherein the first and the second sinusoidal demodulation signals have a phase difference (a) relative to the first and 
second modulation signals corresponding to a system phase shift (cp); and 

means (28) for analysing said demodulated signals. 

20. Apparatus according to claim 19, comprising further a means (28) for determining said system phase shift (cp) and 
for adjusting said phase shift (cp) of the first and second sinusoidal signals relative to the first and second modula- 
tion signals in accordance with said determined system phase shift (cp). 

21 . Apparatus for measuring medical parameters of a patient by irridation of electromagnetic waves into a sample (40) 
and for measurement and subsequent analysis of the electromagnetic waves which have passed through said 
sample (40), said method comprising the steps of: 

means (32) for generating first and second modulation signals of the same frequencies and having a first 
phase difference of substantially 90°; 

means (33) for irridating a first electromagnetic wave of a first wavelength into said sample (40) under control 
of said first modulation signal; 

means (34) for irridating a second electromagnetic wave of a second wavelength different from the first one into 
said sample (40) under control of said second modulation signal; 

means (35) for receiving electromagnetic waves (A(t)) of both wavelengths which have passed through said 
sample (40); 

means (46) for demodulating signals repesentative of the received electromagnetic waves by multiplying the 
same with a first sinusoidal demodulation signal and with a second sinusoidal demodulation signal having the 
first phase difference with respect to said first sinusoidal signal, said first and second sinusoidal demodulation 
signals having the same frequency as said first and second modulation signals, such as to generate a first and 
a second demodulated signal (D R (t), D )R (t)); and 

means (28) for analysing said demodulated signals taking into account a system phase shift (cp). 

22. Apparatus according to claim 21, wherein said means (28) for analysing comprises: 

means for determining said system phase shift (cp); and 

means for correcting said demodulated signals (D R (t), D, R (t)) on the basis of said determined system phase 
shift (cp). 

23. Apparatus according to claim 21 or 22, wherein said means (28) for analysing comprises: 

means for determining the system phase shift (<p); 

means for calculating a matrix [C] based on the system phase shift according to 
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_ rcos<p -sin<p-| 
Lsin<p coscpJ ' 



means for calculating an inverse matrix [C]" 1 based on the matrix [C]; 
means for determining an output vector 



based on the amplitudes L R , L IR of the demodulated signals; and 
means for calculating a corrected output vector [A] = [C] " 1 • [L] 

24. ^aratus according to daim 21 . 22 or 23, wherein sa« means for determining said system phase shift W corn- 

means for reducing the amplitude of one of the first and second electromagnetic waves; 

means for measuring of the amplrtudes of the first and second demodulated signals (D R (t), D IR (t)); and 

s^deS^^ 

25. Apparatus according to Cairn 21 . 22 or 23, wherein said means for determining said system phase shift W corn- 

means for reducing the amplitude of one of the first and second electromagnetic waves; and 

sample (40), sad apparatus coring: *' elecfroma 9 netlc ™™ have passed through said 

pTsTjS^ - signals of the same fluencies and having a first 

^ffSSSSfiS 1 " eCtr0ma9netiC — <* 8 *« into - W under control 

s m amp n , S e ( (40); ,Or e,eCtr0ma9ne,ic waves < A «> * both wavelengths which have passed through said 
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demodulation signals having the same frequency as said first and second modulation signals, such as to gen- 
erate a first and a second demodulated signal (D R (t), D, R (t)); and 

means (28) for analysing said demodulated signals (D R (t), D| R (t)). 

5 

27. Apparatus according to claim 26, comprising a digital all pass filter comprising programmable filter constants for 
adding said phase shift (a) to the received electromagnetic waves. 

28. Apparatus according to claim 26 or 27, further comprising: 

10 

means for reducing the amplitude of one of the first and second electromagnetic waves; 

means for measuring of the amplitudes of the first and second demodulated signals (D R (t), D| R (t)); 

is means for determining the system phase shift (9) on the basis of the measured amplitudes of the first and sec- 

ond demodulated signals; and 

means for adjusting the phase shift (a) to yield together with the system phase shift (<p) a phase shift of an inte- 
gral multiple of 360°. 

20 

29. Apparatus according to claim 24, 25 or 28, wherein said means for reducing of the amplitude of one of the first and 
second electromagnetic waves comprises means for turning off the amplitude of this electromagnetic wave. 

30. Apparatus according to one of claims 19 to 29, wherein the frequency of said first and second modulation signals 
25 is basically f=275 Hertz. 

31. Apparatus according to one of claims 19 to 30, wherein said first and second modulation signals are square-wave 
signals. 

30 32. Apparatus according to one of claims 19 to 30, wherein said first and second modulation signals are sinusoidal sig- 
nals. 

33. Apparatus according to one of claims 19 to 32 comprising a low pass filter through which the demodulated signals 
are fed. 

35 

34. Apparatus according to one of claims 1 9 to 33 comprising a bandf ilter connected between said means for receiving 
electromagnetic waves and said demodulating means. 

35. Apparatus according to one of claims 19 to 34, wherein said electromagnetic waves are waves selected from the 
40 visible and/or the adjoining spectra of light, preferably red and/or infrared light. 

36. Apparatus according to one of claims 19 to 35, wherein said apparatus is a pulse oximeter, and said medical 
parameter is oxygen saturation. 

45 37. Apparatus according to one of claims 19 to 36, wherein said irridating means (33, 34) are light-emitting diodes. 
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(54) Apparatus for medical monitoring, in particular pulse oximeter 



(57) A method for measuring medical parameters of 
a patient by irridation of electromagnetic waves into a 
sample (40) and for measurement and subsequent 
analysis of the electromagnetic waves which have 
passed through said sample (40), comprises the steps 
of: 

(1.1) generating first and second modulation sig- 
nals of the same frequencies and having a first 
phase difference of substantially 90°; 

(12) irridating a first electromagnetic wave of a first 
wavelength into said sample (40) under control of 
said first modulation signal; 

(1.3) irridating a second electromagnetic wave of a 
second wavelength different from the first one into 
said sample (40) under control of said second mod- 
ulation signal; 

(1.4) receiving electromagnetic waves (A(t)) of both 



wavelengths which have passed through said sam- 
ple (40); 

(1.5) demodulating signals repesentative of the 
received electromagnetic waves (A(t)) by multiply- 
ing the same with a first sinusoidal demodulation 
signal and with a second sinusoidal demodulation 
signal having the first phase difference with respect 
to said first sinusoidal signal, said first and second 
sinusoidal demodulation signals having the same 
frequency as said first and second modulation sig- 
nals, such as to generate a first and a second 
demodulated signal (D R (t), D, R (t)); 

wherein the first and the second sinusoidal demodula- 
tion signals have a phase difference (<?) relative to the 
first and second modulation signals corresponding to a 
system phase shift (9); and 

(1.6) analysing said demodulated signals. 
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